has the most rigorous regulations concerning mycotoxins in food. The limits of AFB1 and total AF in foods are 5 and 10 ng/g, respectively, in more than 75 countries around the world, whilst in the European Union, they are 2 and 4 ng/g, respectively. The AFB1 limit for infant food has been established by the EU as 0.10 ng/g [7] . In order to reach the established regulatory levels, it is necessary to employ highly sensitive and reliable analytical methods [9] . Contemporary analytical methods have the sensitivity required for detection and quantification of this contaminant. The most commonly employed method for detection of aflatoxins is high performance liquid chromatography, coupled with fluorescence detection (HPLC-FLD) [10] . Analytical techniques like gas chromatography (GC) or gas chromatography tandem mass spectrometry (GC-MS) have also traditionally been employed for aflatoxin analysis. However, HPLC-MS/ MS has become the technique of choice due its ability to rapidly analyze a more diverse set of analytes with better sensitivity [11] . These methods, however, lack direct application to food samples because the contaminants are present at very low concentrations in highly complex and morphologically structured matrices [12] .
Conventional techniques for sample preparation such as liquid-liquid extraction (LLE) are time consuming and require large quantities of reagents, which are expensive, generate considerable waste and contaminate the sample [13] . Solid-phase extraction (SPE) is the most popular sample preparation technique for environmental, food and biological samples, and is replacing conventional techniques because it reduces or completely eliminates solvent consumption in analytical procedures [14] . In SPE, sample extraction, pre-concentration and clean-up can be achieved in a single step by selecting an appropriate type of sorbent. Classical sorbents include graphitized/ porous carbon, silica and many polymers. However, these sorbents lack selectivity [15] . Currently, the most commonly used selective sorbents are based on immunoaffinity. In this format, antibodies attached to an inert support material are used to specifically bind the analyte while the sample impurities pass through [16] . However, immuno-affinity sorbents have limited use because a selective monoclonal antibody must be immobilized for each analyte, a time-consuming process that can take as long as 12 months [17] .
Thus, inexpensive, rapid and selective sorbents relying on 'intelligent' materials are needed. Recently, there has been a significant increase in molecularly imprinted polymers (MIPs) as solid phase extraction sorbents for food contaminant analysis [18] . Molecularly imprinted polymers not only enable selective pre-concentration and clean-up of the sample, but also selective extraction of the analyte [19] . This is particularly important when the sample is complex and 'dirty' because there is a high chance that impurities will interfere with quantification, as is the case in the accurate analysis of very low concentrations of aflatoxins in food matrices such as Tsabana [20] . MIPs have attracted much attention due to their outstanding advantages, such as predetermined recognition ability, stability, relative ease and low cost of preparation, and potential application to a wide range of target molecules [21] . In the most common preparation process, monomers form a complex with a template through covalent or noncovalent interactions, and the monomers are then joined [22] . Little has been published on the preparation of molecularly imprinted polymers for the extraction of aflatoxins. However, several authors have developed methods for the extraction of aflatoxins from real food samples using molecularly imprinted polymers. For instance, Tan et al. [11] described a method for the extraction of aflatoxins using dimethoxycoumarin (DMC) as an aflatoxin mimicking template (dummy) deposited on silica-coated magnetic nanoparticles. To surface graft imprint the functional monomers on the surface of the magnetic particles, they used vinyl functionalized superparamagnetic Fe 3 O 4 particles as the supports, 5,7-dimethoxycoumarin (DMC) as the dummy template, and methacrylic acid and 4-vinyl pyridine as the functional monomers. In similar work, Szumski et al. [23] prepared silica-infused monolithic molecularly imprinted polymeric capillary columns using UV or thermal polymerization via a two-step process that also employed DMC as a dummy. First, they synthesized a poly-(trimethylolpropanetrimethacrylate) (polyTRIM) core monolith. This was then grafted with a mixture of methacrylic acid (MAA) as a functional monomer, ethylene dimethacrylate (EDMA) as a cross-linking agent, DMC as the template, toluene as a porogen solvent, and 2,2'-azobis-(2-methylpropionitrile) (AIBN) as an initiator of the polymerization reaction. Bayram et al. [24] have also developed monolithic columns for the extraction of aflatoxins that combine cryogels with the superior features of molecularly imprinted polymers. Additionally, by employing mini-emulsion polymerization, Wei et al. [10] have prepared molecularly imprinted nanospherical solid phase extraction sorbents.
In this paper, a simple aflatoxin B1 (AFB1) specific pre-concentration polymer sorbent based on molecular imprinting technology (MIT) was synthesized using precipitation polymerization. This process uses aflatoxin B1 as a template, MAA as a functional monomer, ethylene glycol dimethacylate (EGDMA) as the cross linker, and a mixture of 1,1'-azobis(cyclohexanecarbonitrile) and toluene:acetonitrile (98:2 v/v) as the porogenic solvent. The synthesized polymer powder was characterized by scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR). The AFB1 MIP powder was then optimized for MIP quantity and the time needed for maximum extraction of aflatoxin B1. Through SPE batch adsorption experiments, the aflatoxin-binding properties of the MIP powders were studied in comparison with the non-imprinted polymer (NIP), and the selectivity of the polymer was evaluated against a structurally related compound, aflatoxin G2 (AFG2). From these data, the dissociation constant and selectivity factor were calculated for the MIP. Finally, the synthesized MIP was used to selectively pre-concentrate AFB1 from Tsabana samples and then analyzed using high performance liquid chromatography coupled with fluorescence detection (HPLC-FLD).
Methods

Chemicals, reagents and standards
Analytical grade aflatoxin B1 analytical standard (3 μg/mL), aflatoxin G2 analytical standard (3 μg/mL), methacrylic acid (MAA) (99%), ethylene glycol dimethacrylate (EGDMA) (98%), 1,1'-azobis(cyclohexa necarbonitrile), AIBN, toluene, HPLC grade methanol (99.9%), HPLC grade acetonitrile, and sodium chloride were all supplied by Sigma-Aldrich (Johannesburg, South Africa). Trifluoroacetic acid and hexane were purchased from Merck Schuchardt OHG (Hohenbrunn, Germany). All water was purified using an Elgar water distiller. The Tsabana sample was obtained from Food Botswana (Serowe, Botswana).
Equipment employed
Micrographs of the polymer powder particles were obtained using a JSM-7100F Field Emission Scanning Electron Microscope (JEOL, Tokyo, Japan) in order to study the morphology and size of the particles. FTIR spectra of the prepared polymer powders were obtained using a Thermoscientific Nicolet iS10 Fourier Transform Infrared Spectrometer (Johannesburg, South Africa), to identify the functional groups on the surface of the MIP and NIP particles before and after template removal. A hotplate was purchased from Benchmark Scientific (Sayreville, NJ, USA) for general heating. A scientific drying oven (TTM-J4) was employed for drying the prepared polymer powders at 60°C, while a pH meter was supplied by Crison Laboratory (Liverpool, England). A VWR centrifuge (24/16) was purchased from VWR Catalyst (Philadelphia, PA, USA) for separating the MIP powder from the supernatant liquid. Boeco GP Series micropipettes were purchased from BOECO (Berlin, Germany). All glassware employed was purchased from Pyrex companies (Frankfurt, Germany).
The concentrations of the aflatoxins in all solutions were determined using an Agilent 1200 series High Performance Liquid Chromatograph fitted with a fluorescence detector, purchased from Agilent Technologies (Santa Clara, CA, USA).
Synthesis of AFB1 MIP
For the preparation of the AFB1 MIP powder, 3 μg/mL AFB1 standard (100 μL), MAA (8.1 μL), EGDMA (65.2 μL) and 1, 1'-azobis (cyclohexanecarbonitrile) (2.2 mg) were dissolved in 250 mL of toluene:acetonitrile (98:2 v/v). The mixture was refluxed at 70°C for 6 hours, after which a fine white precipitate was observed at the bottom of the round bottom flask. The precipitate was obtained as a very fine powder by simple filtration. To remove the template, the collected powder was refluxed in a solvent mixture of toluene:acetonitrile:acetic acid (60:20:20 v/v). The powder was washed a total of seven times in 3 hour cycles. At the end of each cycle, the concentration of AFB1 in the supernatant was determined using HPLC-FLD. Washing cycles were continued until no further change in AFB1 concentration was observed. A plot of the HPLC-FLD signal against concentration of AFB1 was then constructed to confirm template removal. The particles were left to dry in open air overnight and were then further dried in an oven at 60°C. In order to provide a control for the binding experiments, a reference polymer, referred to as a non-imprinted polymer (NIP), was prepared using a similar procedure to the MIP, but without adding the AFB1 imprinting template.
Pre column derivatization
All samples and standard solutions containing aflatoxin B1 were evaporated to dryness with nitrogen in screw cap vials, after which 200 μL hexane and 50 μL trifluoroacetic acid (TFA) were added. The mixture was vortexed for 1 minute and then allowed to stand for 5 minutes before adding 1 mL of deionized water:methanol (9:1 v/v) solution. The resulting mixture was vortexed for 1 minute and then allowed to stand for the organic and the aqueous layers to separate. The aqueous layer was collected and centrifuged. The supernatant liquid was then injected into the HPLC-FLD. The HPLC conditions outlined in Table 1 were employed.
Characterization of MIP powder
To evaluate and reveal details of the physical and chemical properties of the prepared powders, SEM micrographs and FTIR spectra were obtained.
Scanning Electron Microscope
The surface morphology of the NIP, washed MIP and unwashed MIP powders was observed with a JSM-7100F Field Emission Scanning Electron Microscope operated at an accelerating voltage of 5 kV. The powder had to be prepared before characterization. For each powder sample, a small quantity of powder was lightly sprinkled on a stub (sample holder) and pressed lightly to seat. To eliminate the charge effect, the powder was carbon coated using thermal evaporation.
FTIR analysis
To confirm removal of the template, Fourier transform infrared (FTIR) spectra were obtained to demonstrate the presence or absence of functional groups in the prepared MIP powders before and after washing, 
Optimization
Molecular imprinting extraction is an equilibrium-driven process; the efficiency is dependent on partitioning of the analyte between the liquid phase and the MIP powder solid phase. The quantity of the MIP powder sorbent and the time needed for maximum extraction were studied and optimized. The experiments were carried out in triplicate with 15 ng/mL AFB1 standard solution in pH 7 phosphate buffer.
Optimization of MIP powder sorbent quantity needed for maximum pre-concentration of AFB1
The doses of MIP powder sorbent were varied between 5.0 and 30.0 mg. These MIP powders were equilibrated in 5.0 mL solutions of 15.0 ng/mL aflatoxin B1 in pH 7 phosphate buffer, using a water bath shaker for 6 hours. The mixtures were then centrifuged for 4 minutes and the supernatant was collected in 10.0 mL volumetric flasks. HPLC-FLD was then used to determine the concentration of AFB1 at equilibrium. The concentration of AFB1 bound to the MIP was calculated by subtracting the concentration of AFB1 at equilibrium from the initial concentration of AFB1 in the prepared standard solution. A plot of percentage AFB1 bound against quantity of AFB1 MIP powder was constructed.
Optimization of time needed for maximum preconcentration of AFB1
The extraction time was optimized by equilibrating the optimal dose of MIP with 5 mL of 15 ng/mL aflatoxin standard solution in pH 7 phosphate buffer for various periods of time ranging from 0 to 6 hours. Following the same procedure as described in the previous section, the concentration of AFB1 in the supernatant liquid samples was determined. The concentration of bound AFB1 was calculated by subtracting the concentration of AFB1 at equilibrium from the initial concentration of AFB1 in the standard solution. A plot of percentage AFB1 bound against specified time was constructed.
MIP rebinding studies
Steady state SPE batch binding studies were assessed between the AFB1 MIP or NIP powder sorbents and either the template analyte or the analogue analyte. The aflatoxin B1 standard solutions were prepared with concentrations varying from 2.5 to 15.0 ng/mL. The optimized mass quantities of both polymers (MIP and NIP) were separately weighed into vials and mixed with 5.0 mL of the aflatoxin standard solutions of varying concentrations. The mixtures were then shaken for the optimal length of time. Following the procedures given in the previous sections, the concentration of bound AFB1 was calculated. Plots of template bound (ng/mL) against initial AFB1 concentration were constructed and compared for the MIP and NIP samples.
The distribution of the template /analogue analyte between the MIP sorbent and the solution is defined by a distribution coefficient, k D , which indicates the fraction of the analyte remaining in solution and the fraction adsorbed by the MIP. The distribution coefficient (k D ) is calculated via equation 1:
To investigate the selectivity of the MIP and NIP, the same experiments were performed with a structurally related mycotoxin (AFG2). This mycotoxin was selected due to its occurrence in the Tsabana sample and its probable interaction with the MIP and NIP.
The selectivity of the template compared to an analogue is quantified by the ratio of the two distribution coefficients k Dtemplate and k Danalogue (for template and analogue, respectively), and is referred to as the selectivity coefficient (k), given in equation 2:
When applied to MIPs, the selectivity coefficient indicates how many times better the template binds the target analyte than it binds the analogue.
Method validation
Method validation involves the use of objective evidence to confirm that the requirements for the specific use or application of a method have been met. The components of method validation in the present work are linearity, limit of detection (LOD), recovery and precision (repeatability).
Linearity
The linearity of an analytical procedure is the ability to obtain test results that are directly proportional to the concentration of the analyte in the sample, within a defined range. The linearity of the method was evaluated by analyzing aflatoxin-spiked Tsabana extracts at different added aflatoxin concentrations ranging from 0 to 20 ng/g. From these data, a calibration curve was plotted and the square of the correlation coefficient, R 2 (which is a measure of linearity), and the equation of curve were obtained.
Limit of Detection (LOD)
The limit of detection (LOD) of an analytical procedure is the lowest concentration of an analyte that can be detected in a sample without necessarily quantifying the exact value of this concentration. In this study, LODs were statistically calculated using the intercept (yB) and the standard error of the regression line (SB), at 3 times standard error. These values were calculated according to equations 3 and 4:
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[10] [4] Where m is the gradient.
Precision and recovery
Precision is the degree of conformity between independent measurements obtained under the prescribed conditions. It is a measure of random errors and may be expressed as repeatability. Precision is expressed as a percentage of the relative standard deviation (%RSD). Repeatability and recovery studies were carried out by analyzing six replicates of Tsabana extracts spiked at three different concentrations of aflatoxin B1 on the same day, followed by MIP extraction. Recovery was calculated by comparing the peak areas before and after MIP extraction.
The %RSD is given by:
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Sample preparation
The Tsabana sample from the manufacturing plant in Serowe, Botswana was prepared as outlined below in order to accurately determine the concentration of trace amounts of AFB1.
Preparation of Tsabana extract
The homogenized test sample (25 g) was weighed into a blending jar. Thereafter, 5 g of sodium chloride and 125 mL of the extraction solvent were added and the mixture was homogenized with a mixer for 2 minutes at high speed. The mixture was then filtered through fluted filter paper. 15 mL of the filtrate was pipetted into a 30 mL volumetric flask and deionised water was added to the mark. The solution was then homogenized to produce the final Tsabana extract, which was then analyzed for traces of AFB1.
Pre-concentration of AFB1 from the Tsabana extracts using the synthesized AFB1 MIP powder sorbent
The molecularly imprinted polymer was applied to the prepared Tsabana extract using the conditions that were found to be optimal for the selective extraction of AFB1. The AFB1 concentration was then determined using HPLC-FLD, following the standard addition method. The data obtained were used to calculate the concentration of AFB1 in the Tsabana extract using the following equations:
1 [7] Where [X] i is the unknown initial concentration of the analyte with signal intensity I X , I S+X is the spiked analyte signal intensity, and [X] f is the diluted concentration of the original analyte.
[X] f is the concentration of the standard in the final spiked solution.
For an initial volume of the unknown (V 0 ) and an added volume of the standard (V S ) with concentration [S] i , the total volume is given by V = V 0 + V S and the concentrations are given by: [8] And recovery is given by:
[5] [6] [7] [10] [9] By expressing the diluted concentration of the analyte, [X] f , in terms of the initial concentration of the analyte, [X] i , the concentration of AFB1 in the sample was determined (in ng/mL).
The mass fraction of each aflatoxin in the sample (in ng/g) was calculated using equation 10:
[10] [10] Where v 5 is the volume of AFB1 in microliters, v 6 is the volume of extract injected, m i is the mass of the aflatoxin in the injection volume corresponding to the measured peak (in ng), and m t is the mass of the test sample in the second filtrate taken after MIP extraction (in grams).
Results and discussion
Synthesis of the MIP and NIP
After polymerization, a fine white powder was observed suspended in the porogen solvent inside the round bottom reaction flask. These particles were washed off the template using the optimal conditions and collected by filtration as a white fine powder, followed by drying at 60°C.
The horizontal line observed from the 7th cycle onwards in the plot of intensity (luminescence units) versus number of washing cycles (Figure 2) indicates that the template has been completely removed. This occurred despite continued refluxing with fresh solvent in each cycle. Washing was discontinued at this point because there was no further change in the concentration of AFB1 in the washings. Complete template removal is a key step in MIP synthesis because it is crucial for freeing recognition sites for future rebinding. The choice of template removal strategy is a limiting step because a poor strategy will result in few recognition sites being freed, decreasing binding recovery. Thus, an effective removal strategy is always needed.
SEM characterization
The surface morphology and particle size of the MIP powders were analyzed before and after template removal using a scanning electron microscope (SEM). Because the SEM images of the washed and unwashed aflatoxin B1 MIP powders showed no significant morphological differences, only the SEM image of the washed AFB1-MIP powder is reported here (Figure 3 ). This SEM micrograph indicates that precipitation polymerization has yielded MIP particles of regular spherical shapes and sizes (diameter approximately 0.8 μm). These particles were not subjected to the destructive and time-consuming process of grinding because they were already very small, regular and powdery in form. These small MIP particles are ideal because smaller particle sizes generally have higher surface areas and hence increased sorbent capacity, which is necessary for enhanced pre-concentration. The spherical geometry of the MIP particles is also ideal because this property is associated with excellent sorbent materials. , suggesting that the C=C double bond has broken after polymerization.
Optimization of quantity and time needed for maximum pre-concentration of AFB1
The percentage of bound AFB1 template increased with increasing quantity of added MIP until an optimal dose of 20.0 mg was reached. This was determined from the point at which the plot of percent template bound versus MIP mass ( Figure 5 ) begins to plateau, reaching a maximum value of 90% bound AFB1. Because further increases in the MIP dose did not yield any significant change in the percentage of bound AFB1, 20.0 mg was determined to be the optimal quantity needed for maximum preconcentration of AFB1. The increase in percentage of bound AFB1 with increasing quantity of MIP powder was due the availability of more binding sites from the increased MIP dose. The plateau of the plot marked the saturation point of the binding sites.
From the plot of percentage template bound against time needed for adsorption (Figure 6 ), the percentage of AFB1 bound to the MIP increased with time until saturation was reached after 25 minutes. Beyond These results are consistent with Tamayo et al. [25] , who stated that uniformly sized imprinted polymers can be formed using a noncovalent imprinting approach via precipitation polymerization. Arabzadeh and Abdouss [26] indicated that interaction between the monomer and the template could also result in uniform particles with clean surfaces. Renkecz et al. [27] explored the effect of different functional monomers, cross-linkers and polymerization solvents on the morphology of polymer beads prepared by precipitation polymerization. In their study, particles synthesized from MAA, MMA and HEMA gave large particles with broad size distributions, while synthesis from 4-vinylpyridine and MAAm, MAA, MMA and HEMA gave smaller fused particles with narrower size distributions. They hypothesized that at some point during particle growth, surface stabilization of the MAA, MMA and HEMA based particles was less efficient and so the microspheres aggregated to form multiplets. When comparing crosslinkers, they found that EGDMA and TRIM afforded regular spherical particles, with the former slightly larger than the latter. They also observed occasional particle coalescence. Park et al. [28] also corroborated their findings, indicating that the template, functional monomer, crosslinker and composition of the reaction system influence the morphology of the micro particles.
Confirmation of the formation of AFB1-MIP powder and removal of AFB1 template from AFB1-MIP using FTIR spectroscopy
The FTIR spectra of the unwashed and washed AFB1 MIPs were recorded between 4000 and 400 cm -1 , as shown in Figure 4 . A band at 3661 cm -1 was observed before template removal, which was ascribed to the -OH stretching vibration of the MAA monomer. This band was not observed for the washed MIP sample. Also, the peak observed at 2987.94 cm -1 decreased after the washing step. This confirms that the template has been removed to create recognition sites. The FTIR spectra showed some similarities in backbone structure due to the incorporation of the cross-linker EGDMA. The bands that were found in both spectra were the C=O stretching (≈1725 cm ) arising from the methyl and methylene groups of the polymer network.
Wei et al. [10] obtained similar results when they characterized their imprinted polymer using FTIR Figure 7 compares rebinding of AFB1 to the MIP and to the NIP. At each studied concentration level, more AFB1 was bound to the MIP than to the NIP. This is because removal of the template from the MIP exposes binding sites that are complementary to the template in size, shape, and position of the functional groups, consequently allowing rebinding. In contrast, the NIP has no cavities to rebind the AFB1 template. Furthermore, the prepared AFB1-MIP achieved very high pre-concentration efficiencies of around 90% (compared to 8% for the NIP) at each AFB1 concentration point, due to the increased surface area of the small particles. Additionally, the synthetic method used here for precipitation polymerization formed fine powdery particles with excellent binding site accessibility, due to their non-bulkiness.
Rebinding of the MIP
Wei et al. [10] investigated the adsorption capacity of their imprinted nanospheres, which they had prepared by mini-emulsion polymerization. In their study, the maximum adsorption of MIP and NIP for AFB1, Qmax, was estimated to be 8.2 mg/g and 4.9 mg/g, respectively. Thus, the static adsorption capacity of their MIP was about twice that of their NIP. Rostamizadeh et al. [29] prepared molecularly imprinted nanoparticles by precipitation polymerization using glucose as a template molecule. They evaluated the binding ability of the glucose imprinted nanoparticles and found glucose binding to be higher for the imprinted particles than for the NIPs. Therefore, the higher binding of glucose to the MIP was attributed to the shape-selective fit of glucose into complementary cavities on the MIP nanoparticles that were formed during the imprinting procedure.
Selectivity of the MIP
The selectivity of the MIP was studied by comparing the percentage recoveries of aflatoxin B1 and a structurally related compound, aflatoxin G2 (see Figure 8) . The MIP showed 90% recovery for AFB1 and 85% for AFG2. These results show that the MIP powder that was specifically prepared for AFB1 had similar affinity for AFG2. Thus, the prepared MIP sorbent may be employed to pre-concentrate AFG2 independently or even simultaneously with AFB1. On the other hand, the NIP showed 15% recovery for AFB1 and 25% for AFG2, further confirming that the NIP has little affinity for aflatoxins, due to the lack of recognition cavities.
Tan et al. [11] discovered that the MIP they had prepared using 5,7-dimethoxycoumarin as a dummy template showed high adsorption capability for four aflatoxins (aflatoxins B1, B2, G1 and G2), and also showed that the rebinding capacity of the MIPs to the aflatoxins is much better than to three other mycotoxins. On the other hand, their NIPs did not exhibit an obvious difference in rebinding capacity between aflatoxins and other mycotoxins. They attributed these small differences in binding capacities to non-specific binding. These results indicate that the imprinting process significantly improved the adsorption selectivity for aflatoxins and also indicates that the aflatoxin-specific sites were not suited for other mycotoxins, due to their structural differences. When Rostamizadeh et al. [29] compared the binding profiles of glucose to a structural analogue (fructose), they found that the amount of fructose bound to their MIP nanoparticles was much lower than for glucose. This was attributed to the lack of complementarity between the analogue molecule and the cavities of the MIP they had produced using glucose molecular imprinting. Thus, the interaction of fructose with the binding sites was weaker than for glucose, leading to low binding capacity.
To corroborate these results, the distribution coefficients for aflatoxins B1 and G2 in the MIP and NIP were calculated using equation 1 (see Table 2 ). The distribution coefficient for the adsorption of AFB1 to the MIP is 9.000, meaning that the concentration of AFB1 bound to the MIP is 9 times greater than that the concentration of AFB1 remaining in the solution at equilibrium. This shows that AFB1 has a greater affinity towards the MIP phase than towards the solution phase. From the calculated distribution coefficients, the selectivity was determined using equation 2. The selectivity factor, k, means that although the MIP showed significant selectivity towards analogue AFG2, the MIP was still more selective towards aflatoxin B1 than towards aflatoxin G2 by a factor of 1.579.
Method Validation
Linearity
A calibration curve for the aflatoxin B1 spiked Tsabana extracts was constructed using the areas of the chromatograph peaks, measured at six different concentrations ( Figure 9 ). The square of the correlation coefficient, R 2 = 0.9932, is a measure of linearity of the calibration curve. Although an R 2 value greater than 0.995 is deemed to be a good fit for most situations, the R 2 value obtained in this study is still acceptable. Thus, there is a strong linear correlation between the concentrations of the AFB1 spiked Tsabana samples and the chromatograph peak area over the concentration range studied (0-20 ng/ mL).
Limit of Detection (LOD)
From the calibration curve in Figure 9 and equations 3 and 4, two LODs were calculated (see Table 3 ). These LODs are much lower than the established regulatory levels of AFB1 in infant food (0.1 ng/g), indicating that this method is good for determining very low concentrations of AFB1 in Tsabana. 
Precision and recovery
Precision was calculated as a percentage of the relative standard deviation (%RSD) (see equation 5) for several replicate measurements (e.g. n = 6), while recovery was calculated by comparing the concentration before and after MIP extraction (see equation 6). The results are shown in Table 4 below and indicate a low precision of %RSD (less than 7% for n = 6) and high percent recoveries (greater than 83%). 
Application to real samples
The validated method was applied to the neat derivatized 2 ng/mL standard AFB1 solution and to the real Tsabana extracts using the optimized HPLC conditions outlined in Table 1 . The chromatograms obtained from these experiments are shown in Figure 10 . The peaks for the standard solutions were symmetric, with short retention times of 2.456 minutes. Similar retention times were obtained for the MIP samples before and after preconcentration. After pre-concentration, most of the unidentified chromatogram peaks were removed, demonstrating that the synthesized MIP simultaneously achieved extraction, clean-up and pre-concentration of AFB1 from the Tsabana samples. By comparing the peak intensities of AFB1 before and after MIP application and pre-concentration, the AFB1 intensity increased from 0.85 LU to 4.00 LU. This demonstrates that the molecularly imprinted solid phase extraction sorbent selectively extracts aflatoxin B1 at low concentrations in 'dirty' Tsabana sample extracts by selectively pre-concentrating AFB1, achieving a preconcentration factor of 5.
In conclusion, the mass fraction of aflatoxin B1 in the Tsabana sample from Food Botswana Serowe was calculated to be 0.05147 ± 0.00135 ng/g (see equations [7] [8] [9] [10] . The quantity of aflatoxin B1 present in the sample was found to be below the European Union regulated level (0.1 ng/g). The method described in this paper allowed for improved determination of AFB1 concentrations in challenging and complex matrices such as food. This has been achieved via signal enhancement by selectively pre- 
Conclusion
This paper presented the synthesis, optimization and application of a molecularly imprinted polymer (MIP) sorbent for the selective extraction and pre-concentration of a potent toxin, aflatoxin B1 (AFB1), from Tsabana child weaning food. The prepared AFB1-MIP powder not only allowed sample pre-concentration and clean-up, but also selective extraction of the analyte. This was important because the Tsabana samples were complex and 'dirty' matrices which are problematic when directly introduced into sensitive analytical instruments without proper sample preparation techniques. The MIP powder has demonstrated the potential for an efficient sorbent material for pre-concentrating aflatoxin B1 in food samples, which can replace common sorbent materials that are usually expensive and non-selective. The results showed that among the variables studied, extraction time and MIP quantity had significant impact on aflatoxin B1 extraction efficiency. Equilibrium rebinding studies demonstrated that the MIP possesses specific binding sites for the template compared to the non-imprinted polymer (NIP). Validation studies verified the excellent performance of the MIP in terms of recovery, repeatability and robustness at AFB1 trace concentrations of 0-20 ng/g, a range which includes the European Union regulatory level of 0.1 ng/g.
Although the MIP showed high affinity for AFB1, it also had affinity for the structural analogue AFG2, which suggests that it can also be employed to selectively preconcentrate other aflatoxins that are closely related in structure. Therefore, in future work it will be necessary to develop a multi-aflatoxin templated MIP which can simultaneously pre-concentrate all the main aflatoxins in complex matrices at very low concentrations, rather than individually pre-concentrating a single aflatoxin. Because the potent nature of the aflatoxin B1 template was a challenge during MIP synthesis, in future work a non-toxic mimic template known as a 'dummy' would be useful [30] . Other than the safety advantage, the 'dummy' would also be beneficial because the structure would differ from the target analyte. Thus, the analytical separation or detection system employed after sample preparation would clearly distinguish between the analyte and the residual template, eliminating template bleeding.
